Randomly amplified polymorphic DNA (RAPD) fingerprints were generated with M13 and DAF4 primers for 25 isolates of Acinetobacter spp. obtained from 16 different hospitals situated in 12 countries. The overall robustness of the algorithnis and the reproducibility of the cluster analysis results generated by two commercially available computer programs (GelCompar and DENDRON) for analysing DNA fingerprinting gels were tested by examining the same set of fingerprinting data independently in two laboratories with the different software packages. Both programs were efficient at recognising and grouping strains with closely similar RAPD fingerprints, i.e., strains which might be expected to have a close epidemiological or evolutionary relationship. However, the relationships suggested for less closely related strains showed considerable variation in terms of the overall similarity or percentage correlation values suggested by the programs. It was concluded that both programs were useful tools for indicating close genotypic relationships between individual strains, but that epidemiological conclusions based on the similarity or correlation values (or the dendrograms derived from them) obtained for less closely related strains should be treated with considerable caution.
Introduction
Rapid DNA fingerprinting methods [l-61 are being used increasingly in many microbiology laboratories for epidemiological typing of an ever-increasing range of bacteria. In almost all cases, these methods involve comparison of DNA band patterns that are visualised following electrophoresis and which are then assumed to reflect genetic relatedness. Banding patterns obtained for a small number of strains on a single electrophoresis gel can usually be compared visually, but difficulties arise when attempting to compare visually the fingerprint banding patterns obtained from a large number of isolates examined on different gels over extended time intervals or in different laboratories. Various computer-assisted systems have been developed in an attempt to deal with these difficulties, to create databases for continuing or retrospective epidemiological studies and to demonstrate clustering for groups of genetically similar strains. Although a more advanced approach involving on-line laser fluorescence analysis of DNA fragments separated on DNA sequencing gels has been described [7, 81 , most of these systems involve scanning photographs or autoradiographs of banding patterns to digitise a gel image and then incorporate the banding patterns into a database. The digitised image can then be processed and used to generate a matrix of similarity coefficients between all possible pairs of strains, leading in turn to a dendrogram in which all patterns are placed in a horizontal 'tree' with branching dictated by similarity coefficients. New strains can be compared with strains analysed previously provided that the same normalisation standards are run on each individual gel, and any subset of strains in a study can be compared in a dendrogram or mixed with any other subset in a dendrogram.
Several different programs for computers with either Macintosh or Windows-based operating systems are now available commercially for analysing DNA fingerprinting gels. Although largely automated, these programs still require a limited amount of operator intervention to deal with artifacts recognised by the automated system. Such programs are being used increasingly by clinical microbiology laboratoriesand many published studies now attach increasing significance to dendrograms illustrating the results of epidemiological investigations -but studies comparing the results generated by these semi-automated systems have yet to be performed. The work described in this paper was designed to test the overall robustness of the algorithms used in the software of two of these programs -as well as the reproducibility of the cluster analysis results generated -by examining the same set of digitised fingerprinting gel images independently in two different laboratories.
Materials and methods

Bacteria
For the comparative purposes of this study, DNA fingerprints were generated for 25 isolates of Acinetobacter spp. obtained from 16 different hospitals in 12 countries. The 25 strains examined ( Release of genomic DNA and generation of DNA jingerprin ts
Total genomic DNA was released from bacteria by resuspending 3-4 small colonies in a 0.5-ml microfuge tube containing 100 p l of sterile distilled water and heating at 95°C for 15 min. The resulting crude DNA suspensions were cooled on ice, centrifuged for 30 s at 12 000 g and stored at -20°C until required. Randomly amplified polymorphic DNA (RAPD) fingerprints were generated with either: (i) M13 core region primer (5'-GAGGGTGGCGGTTCT-3 '), used with the amplification conditions described by Grundmann et al. [7] ; or (ii) DAF4 primer (5'-CGGCAGCGCC-3'), used with the amplification conditions described by WiedmannAl-Ahmad et al. [lo] . The primers used were customsynthesised by Oswel DNA Service (Southampton). Amplification products were photographed (Polaroid Type 667 Film) after separation on agarose 2% w/v gels, staining with ethidium bromide and visualisation on a UV-transilluminator. Molecular size markers (pGEM DNA Markers; Promega) were loaded at least once every seven lanes on gels to allow inter-gel normalisation and comparison.
Production of digitised gel images
Photographs of RAPD fingerprints from different gels were scanned with a UMAX UC840 Scanner (Leicester Computer Centre) equipped with Adobe Photoshop Macintosh v.2.5.1 software and were then used to form a composite image for the 25 strains with each primer. Digitised images were saved to diskettes in the PICT and TIFF formats. The diskettes containing the digitised data were readily exchangeable between the two laboratories participating in the study so that identical gel images, and the corresponding digitised data, were then used for further analysis by the two programs included in the study.
Analysis of digitised gel images
The two programs used to analyse the digitised gel data were DENDRON v.2.0 (Solltech Inc., Oakdale, IA, USA) for computers running the Macintosh operating system and GelCompar v.3.10 (Applied Maths, Kortrij k, Belgium) for computers running the Windows operating system. Both programs normalise data from separate electrophoresis gels according to either internal size standards added to each track or (as in this study) sets of molecular size standards run at regular intervals in separate tracks. Alignment by the computer of the size standards allows inter-and intra-gel inconsistencies and variations in electrophoresis conditions to be corrected. obtained following scanning of the M13 and DAF4 fingerprinting gels. These images were saved to diskette and then exchanged between the two participating laboratories for analysis by the DENDRON and GelCompar programs.
Figs. 3a and b show the dendrograms obtained from cluster analysis of the RAPD fingerprints obtained with the M13 primer by the DENDRON and GelCompar programs, respectively. The dendrograms identified the same close clustering relationships for groups of two or more related strains; however, the overall gross structures of the dendrograms showed decreasing reproducibility in line with decreasing similarity, although isolated 'unrelated' strains (e.g., strains CW3 1 and 1133) were not clustered with other strains by either program.
Similar results were obtained from cluster analysis of the RAPD fingerprints obtained with the DAF4 primer (Figs. 4a and b). One major anomaly was observed in that strains ESP77 and CW32 were recognised as identical by the DENDRON program, but were unlinked by GelCompar. However, detailed examination of the band data and linkages for these strains revealed that strains ESP77 and CW32 yielded only one band each -both of similar size -following RAPD fingerprinting with the DAF4 primer (Fig. 2) . These two bands were recognised as identical by the DENDRON program, but were unlinked by the GelCompar program. RAPD fingerprinting with the M13 primer yielded five and 12 DNA bands, respectively, for strains ESP77 and CW32 ( Fig. 1 ) and both programs indicated that these two strains were genotypically unrelated (Figs. 3a and b) . With the exception of these two strains, both programs indicated the same clustering relationships between groups of two or more closely related strains, but -as found with the RAPD fingerprints generated with the M13 primer -the gross structures of the dendrograms were somewhat variable and showed an increasing lack of reproducibility in line with decreasing similarities.
Discussion
Computer-assisted strategies are becoming increasingly important for assessing the genetic relatedness of micro-organisms in epidemiological studies, and are essential for analysis of complex DNA fingerprints and in cases where strains from different geographical locations are being compared over significant time periods. An increasing number of published studies now reach important epidemiological conclusions on the basis of cluster analysis results presented in the form of dendrograms. The work described in this paper was not concerned with discerning the epidemiological relationships of the bacterial isolates studied per se, but aimed to compare the strain groupings suggested by the two different programs included in the study when analysing the same sets of fingerprinting data. In this respect the study was able to demonstrate clearly some of the advantages and the limitations of the two systems used.
On the positive side, both programs were efficient at recognising and grouping strains with closely similar genotypic fingerprints, i.e., strains which might be expected to have a close epidemiological or evolutionary relationship. This is particularly useful in the case of complex fingerprints where minor band changes between strains are sometimes difficult to assess objectively by visual means. Some minor disagreements in SAB and percentage correlation values between closely related strains were observed, but it is not valid to compare these values directly because of the different calculation methods used by the two programs. The only major disagreement between the close relationships suggested by the programs involved two strains that produced only one 'similar' band each following RAPD fingerprinting with the DAF4 primer. These single bands were recognised as identical by one program, but as different by the other. This observation emphasises the continued need for manual assessment and interpretation of automated results -as well as the need to ensure that findings are based on sufficiently complex fingerprints -and to compare results obtained by more than one fingerprinting method.
On the negative side, the relationships suggested by the dendrograms for less closely related strains showed considerable variations in terms of the overall similarities suggested by the programs. This reflects, in part at least, the precise mechanism used by each program to calculate strain relationships. The correlation coefficients are first presented as a matrix and then used to generate a dendrogram by means of an UPGMA program in which the two or more strains with the highest correlation value are grouped into a unit with a connection or branch point corresponding to that value on the horizontal axis of the dendrogram. The process then continues in the direction of lower correlation values by searching for the strain-strain, strain-unit or unit-unit with the next highest value. Units consist of two or more strains, so that the branch point for strain-unit or unit-unit combinations is determined by the average correlation value between members of a unit and the strain or unit with which it is paired. For this reason, branch points involving a unit are not as accurate as the individually computed correlation values for two individual strains in the original correlation matrix.
Overall, it was concluded that -provided the original fingerprint patterns generated were of sufficient complexity to distinguish between unrelated strainsboth programs were efficient at clustering strains with a relatively high similarity coefficient. Similar close R. J. SEWARD ET AL. clusters of strains were obtained with both programs. However, although the similarity coefficients used to generate such clusters are relatively straightforward computations, correlating these values with 'genetic distance' (i.e., the number of generations separating strains from a common clonal origin) is much more difficult (and may be impossible) and requires further experimentation. In particular, the results presented in this paper indicated that relatively low SAB or percentage correlation values showed wide variation between the two programs and that epidemiological conclusions based on such values, or the dendrograms generated from them, should be treated with considerable caution. Rigorous normalisation of sample lanes on a gel is mandatory to allow accurate intra-and inter-gel comparisons. Addition of molecular size markers to each and every lane would probably yield optimum results; alternatively, as indicated by the results of this study, a set of molecular size markers run in at least every fifth or sixth lane would seem to be the minimum requirement for acceptable normalisation of gels. Such size markers should span the entire range of DNA band sizes being analysed. Finally, while both of the programs examined in this study were shown to be useful tools for indicating genotypic relationships between individual strainsand are probably essential for long-term epidemiological comparisons -it was concluded that assessment of the results and occasional intervention by a trained microbiologist is still essential to detect and correct artifacts introduced by the automated systems.
